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Abstract
We update the constraints on the parameters of the quark avour mixing matrix V
CKM
in the
standard model using the latest experimental and theoretical results as input. We present the 95%





and for the quantities sin 2, sin 2 and sin
2
, which characterize CP-violating rate asymmetries









1. Experimental and Theoretical Input
In ref. [1], we recently updated the prole of the
Cabibbo-Kobayashi-Maskawa (CKM) matrix [2], in
particular the CKM unitarity triangle. In performing
this update, we included the improvements reported in
















j from B decays, measured by the ARGUS,
CLEO, CDF and LEP experiments, and the lower




reported by the ALEPH






GeV [4] was also included. We refer
to ref. [1] for details and references to earlier work and
conne ourselves here to giving the principal results.
In performing this update, we make use of the
Wolfenstein parametrization [5] in which the CKM
matrix can be written in terms of four parameters , A,
 and . The matrix element jV
us
j has been extracted
from K ! e and hyperon decays to be jV
us
j =  =
0:2205 0:0018 [6]. The parameter A is related to the
CKM matrix element V
cb
, which can be obtained from
+
Talk presented by A. Ali at the 27
th
International Conference
on High Energy Physics (ICHEP), Glasgow, Scotland, July 1994
z e-mail: alia@cernvm.cern.ch
{ On leave of absence from DESY, Hamburg, FRG.
k e-mail: london@lps.umontreal.ca
semileptonic decays of B mesons. Using methods based
on heavy quark eective theory (HQET), we nd
jV
cb
j = 0:039 0:006 ; (1)
which yields A = 0:80 0:12. We refer to ref. [1] for a
full discussion of the experimental and theoretical inputs
leading to the above values. and to ref. [7] for the latest
developments in HQET.
The parameters  and  are constrained by




j, jj (the CP-violating














obtained by looking at the endpoint of the inclusive
lepton spectrum in semileptonic B decays. There
still exists quite a bit of model dependence in the





















Turning to jj, its experimental value is jj = (2:26
0:02) 10
 3


















































































































shown are motivated by
the lattice QCD results. In Fit 1, specic values of these
hadronic quantities are chosen, while in Fit 2, they are allowed
to vary over the given ranges.
Here, the ^
i













are given in ref. [1].
The nal parameter in the expression for jj is the
















i. The evaluation of this matrix
element has been the subject of much work, summarized













ranging from 0.4 to 1.















= 0:76  0:06 [3].
The precision on M
d
alone is now quite competitive
with the precision on x
d
. The LEP-average M
d
=
0:513  0:036 (ps)
 1
has been combined with that
derived from time-integrated measurements yielding the
present world average [3]
M
d
= 0:500 0:033 (ps)
 1
: (4)
In our ts we use this number instead of x
d
.
The mass dierence M
d





































































QCD correction. In the ts presented here we use the
value ^
B
= 0:55, calculated in theMS scheme, following
ref. [12]. Consistency requires that the top quark mass
be rescaled from its pole (mass) value of m
t
= 174 16




(pole)) in theMS scheme, which
is typically about 9 GeV smaller.













in the kaon system. In









compatible with recent lattice QCD results [13] and









= 1:0 0:2 : (6)
Table 1 summarizes all input quantities to our ts.
2. The Unitarity Triangle
The allowed region in - space can be displayed quite
elegantly using the so-called unitarity triangle. The
















= 0. This can be recast as
a triangle relation in the - plane, in which the base
of the triangle goes from (0; 0) to (1; 0), and the apex
is given by the coordinates (; ). Thus, allowed values
of  and  translate into allowed shapes of the unitarity
triangle.
In order to nd the allowed unitarity triangles, the
computer program MINUIT is used to t the CKM







j, jj and M
d
. Since  is very well
measured, we x it to its central value given above. We
present here the results from two types of ts:
Fit 1: Here, only the experimentally measured
numbers are used as inputs to the t with Gaussian














Fit 2: Here, both the experimental and theoretical
numbers are used as inputs assuming Gaussian errors
for the theoretical quantities. All errors are combined
in quadrature.
We briey summarize the results of Fit 1. The
goal here is to restrict the allowed range of the
































= 1:0, the tting program was used to obtain
the minimum 
2









results are given in Table 2, along with the best t
values of (; ). Using 
2
min
< 2:0 as our \good t"


















MeV give poor ts to the existing data. We also note
that the 
2









= 160 and 230 MeV. We do not consider









also yield good ts to the data. In addition,













(MeV) (; ) 
2
min
110 ( 0:48; 0:10) 3:24
120 ( 0:44; 0:12) 1:77
130 ( 0:40; 0:15) 0:85
140 ( 0:36; 0:18) 0:33
150 ( 0:32; 0:21) 7:6 10
 2
160 ( 0:28; 0:24) 1:1 10
 3
170 ( 0:23; 0:27) 2:4 10
 2
180 ( 0:17; 0:29) 8:0 10
 2
190 ( 0:11; 0:32) 0:12
200 ( 0:04; 0:33) 0:13
210 (0:03; 0:33) 8:5 10
 2
220 (0:09; 0:33) 2:8 10
 2
230 (0:15; 0:33) 4:5 10
 5
240 (0:21; 0:33) 4:4 10
 2
250 (0:25; 0:33) 0:18
260 (0:29; 0:33) 0:43
270 (0:33; 0:33) 0:77
280 (0:37; 0:33) 1:21
290 (0:40; 0:33) 1:73
300 (0:43; 0:32) 2:34
Table 2. The \best values" of the CKM parameters (; ) as a








, obtained by a
minimum 
2
t to the experimental data, including the
renormalized value of m
t





The resulting minimum 
2










is quite restricted, with generally
higher values of 
2





0.6-1.0. This suggests that the data disfavour (though




 0:4 solutions. Details
are given in ref. [1].
We now discuss Fit 2. Since the coupling constants
are not known and the best we have are estimates
given by the ranges in eq. (6), a reasonable prole of
the unitarity triangle at present can be obtained by
letting the coupling constants vary in these ranges. The
resulting CKM triangle region is shown in Fig. 1. As is
clear from this gure, the allowed region is enormous!
Even so, it is still reduced compared to the previous such
analyses, due to the knowledge of m
t
. The preferred
values of  and  obtained from this t are

































 0:36 : (8)
The upper bound from our analysis is more restrictive
than the current experimental upper limit following
from the CKM-suppressed radiative penguin decays





j  0:64{0:75 (90% C.L.) [15], depending
Figure 1. Allowed region in - space, from a simultaneous t
to both the experimental and theoretical quantities given in
Table 1. The theoretical errors are treated as Gaussian for this
t. The solid line represents the 95% C.L. region. The triangle
shows the best t. The constraints in - space from the
ALEPH bound on M
s




= 1:1 (dotted line), 1:35 (dashed
line) and 1:6 (solid line). In all cases, the region to the left of the
curve is ruled out.
on the model used for the SU(3)-breaking in the relevant
form factors [16]. Furthermore, the upper bound is now





j  0:36, but the lower bound from our
t is slightly more restrictive.













 0:137 : (9)
























box diagram is also dominated by t-
quark exchange, and the mass dierence between the
eigenstates M
s











































A measurement of M
s
can be used to give an
additional constraint on the unitarity triangle. Taking
























































All dependence on the t-quark mass drops out, leaving
the square of the ratio of CKM matrix elements,
multiplied by a factor which reects SU (3)
avour




to be equal to its B
d
counterpart, the only
real uncertainty in this factor is the ratio of hadronic






















= (1:16 0:1) : (12)
This is consistent with estimates from lattice QCD [13]
and QCD sum rules [14].




> 11:3 at 95%
C.L. [3] can thus be turned into a bound on the CKM








= 1:1, 1:35 and 1:6, and display the resulting
constraints in Fig. 1. From this graph we see that
the ALEPH bound marginally restricts the allowed -
 region for small values of 
2
s
, but does not provide any
useful bounds for larger values. Of course, an actual
measurement of M
s
would be very helpful in further
constraining the CKM parameter space.
























= 1:540:14 (ps) andm
t























= 230 MeV corresponds to the
central value given by the lattice-QCD estimates, and
with this our ts give x
s
' 20 as the preferred value in
the SM.
4. CP Violation in the B System
It is expected that the B system will exhibit large CP-
violating eects, characterized by nonzero values of the
three angles ,  and  in the unitarity triangle. These
angles can be measured via CP-violating asymmetries


















, sin 2 is obtained. The CP asymmetry














These CP-violating asymmetries can be expressed
straightforwardly in terms of the CKM parameters 
and . The 95% C.L. constraints on  and  found
previously can be used to predict the ranges of sin 2,
sin 2 and sin
2
 allowed in the standard model. The
allowed ranges, obtained from Fit 1, are found in Table




















130 0.36 { 0.96 0.17 { 0.41 0.08 { 0.48
155 0.15 { 1.0 0.26 { 0.62 0.23 { 1.0
180  1.0 { 1.0 0.33 { 0.81 0.37 { 1.0
205  1.0 { 1.0 0.40 { 0.93 0.20 { 1.0
230  1.0 { 0.86 0.47 { 0.99 0.15 { 1.0
Table 3. The allowed ranges for the CP asymmetries sin2,
sin2 and sin
2
, corresponding to the constraints on  and 














an extra minus sign due to the CP of the nal state.
Since the CP asymmetries all depend on  and , the
ranges for sin 2, sin 2 and sin
2
 shown in Table 3
are correlated. That is, not all values in the ranges are
allowed simultaneously. This correlation can be seen in
ref. [1].
Summarizing our results on CP violation, the ranges
for the CP-violating rate asymmetries parametrized by
sin2, sin 2 and and sin
2
 are determined at 95% C.L.
to be
 1:0  sin 2  1:0 ;
0:17  sin 2  0:99 ; (14)
0:08  sin
2
  1:0 :
(For sin 2 < 0:4, we nd sin 2  0:3.)
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